Introduction
Thiocyanate anion (SCN-) is a metabolic product of the highly toxic cyanide. Cyano-containing organic substances, including drugs (1, 2) , food (3) (4) (5) , and tobacco smoke (6, 7) , can be metabolized to cyanide and in turn converted to SCNby the enzyme thiosulfate sulfur-transferase (rhodanese). Therefore, the concentration of SCN-in body fluid is considered to be a good indicator for drug monitoring in patients treated with cyano-containing drug such as sodium nitroprusside; the blood concentrations of SCN-can also be used for differentiating between smoker and nonsmoker. It has been reported (8) that patients with leukemia dosed with a cytotoxic agent could be diagnosed with granulocytopenia and a lower SCN-concentration in saliva than that of normal subjects. In addition, SCN-is a competitive inhibitor of the iodide uptake carrier (9) ; high concentrations of SCN-in blood from ingestion of vegetables rich in SCN-containing glucoside may lead to edemic goiter (3) . Therefore, the determination of SCN-at trace concentrations in biofluid is essential for diagnostic or therapeutic evaluation.
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A variety of methods have been applied to the analysis of SCN-. Basically, ion chromatography is convenient for the determination of inorganic anions including SCN-, but its sensitivity is limited with a conventional conductivity detector. Spectrophotometry, based on color formation, is the common method for the determination of SCN- (4, 10, 11) ; the analytical procedure is simple, but there is easy interference with coexisting cyanide or with a complex sample matrix. A number of liquid chromatographic methods (12) (13) (14) , based on the Konig reaction, have been described for the determination of SCN-in biological sample, but the specificity of these methods is poor because both SCN-and cyanide react with the key reagent (chloramine-T) to produce the same intermediate, cyanogen chloride. Therefore, SCN-coexisting with cyanide in a sample will cause a positive interference error in SCN-analysis.
High-performance liquid chromatographic (HPLC) determination of SCN-as a pentafluorobenzyl derivative has also been recently reported (15) , but the resulting derivative is not sensitive enough by ultraviolet detection for the trace analysis of SCN-in a biological sample. In this paper, a sensitive and specific HPLC method with fluorimetric detection is described for the trace determination of SCN-. The method is based on the derivatization of SCN-with 3-bromomethyl-7-methoxy-1,4-benzoxazin-2-one (Br-MBX) in a homogeneous system, and the resulting derivative was directly subjected to HPLC. The proposed method was satisfactorily demonstrated for the analysis of SCN-in saliva and plasma.
Experimental

HPLC conditions
A Waters Millipore LC system with a U6K injector and a model 470 scanning fluorescence detector was employed. A Nova-Pak C18 column (150 x 3.9-ram i.d.; 4-1Jm particle size) with a disposable Resolve C18 precolumn (10 ~m; bed volume, less than 100 I~L) (Waters Millipore) and a mixed solvent of acetonitrile-acetone-water (30:3:67, v/v/v) at a flow rate of 1.0 mL/min were used; the excitation and emission wavelengths of the detector were set at 355 and 430 nm, respectively. Pretreatment of the solvents with a vacuum filter for degassing was performed.
Materials
Br-MBX (TCI, Japan), potassium thiocyanate, potassium hydroxide, potassium nitrate, and I]-naphthol (internal standard) (Merck, Germany) were used without further treatment, and all other reagents used were of analytical reagent grade. Solutions of SCN-at various concentrations were prepared by dissolving a suitable amount of potassium thiocyanate in distilled, deionized water. Solutions of ~-naphthol and Br-MBX were prepared in acetonitrile. Solutions of potassium nitrate at various concentrations were prepared in 80% (v/v) acetonitrile in water. 
Treatment of biosample
Human saliva. The saliva of normal volunteers was expectorated into a tared beaker and suitably diluted (approximately a 200-fold dilution) with water to make a saliva sample solution for analysis. The resulting sample solution was treated as described in the Derivatization procedure section.
Human plasma. The solid-phase extraction of SCN-in plasma was performed as follows: Sep-pak Accell plus QMA cartridges of anion-exchange resin (QMA packing, 360 rag; particle size, 37-55 IJm; hold-up volume, 0.8 mL) (WatersMillipore) were conditioned successively with 10 mL potassium nitrate solution (16.13mM) and 10 mL water. Then plasma (0.5 mL) was applied to the conditioned anion-exchange cartridge. The loaded cartridge was washed with 20 mL potassium nitrate solution (1.61mM) (no SCN-was found in this initial washing) and in turn eluted with 10 mL of a more concentrated potassium nitrate solution (6.45mM). A 1.0-mL aliquot of the eluate was evaporated to dryness at 50~ with a gentle stream of nitrogen. The resulting sample residue was added with 0.1 mL of distilled water and derivatized as directed for analysis.
Results and Discussion
Chemical derivatization coupled with HPLC for the trace determination of biologically important SCN-was studied. For the optimization of the derivatization conditions for SCN-(1 nmol) in 0.1 mL aqueous solution, several parameters affecting the derivatization of SCN-were investigated, including effects of organic solvent, concentration of base or acid in aqueous solution, amount of derivatization reagent (Br-MBX), and reaction time. The effects of the various parameters on the formation of the SCN-derivative were evaluated by measuring the peak-area ratio of SCN-derivative to [3-naphthol (internal standard). The internal standard used was shown to be stable under the present derivatization conditions based on a simple study of the peak-area ratio of internal standard to anthracene; this led to no significant change in the peak-area ratio of the internal standard to anthracene. 
Effect of organic solvent
Various water-miscible organic solvents (0.9 mL) containing internal standard and Br-MBX were added to a test tube containing 0.1 mL of SCN-aqueous solution as indicated in the Derivatization procedure section. Among the solvents tested, including acetonitrile, acetone, methanol, and ethanol, acetonitrile was the solvent of choice for the reaction system. Acetone gave a yield of approximately 70% of that of acetonitrile based on the peak-area ratio of SCN-derivative to internal standard. Both alcohols gave additional big peaks on the respective chromatogram, which probably resulted from the reaction of a relatively large amount of alcohols with the derivatizing reagent (Br-MBX); their uses as reaction solvents were excluded.
Effect of base or acid
The effects of various concentrations of potassium hydroxide or sulfuric acid (0.1 mL of the alkaline or acidic aqueous solution with SCN-) on the derivatization were briefly studied. As shown in Figure 1 , the optimum derivatization yield can be obtained in the range of weak base (less than or equal to 10-SM) or acid (less than or equal to 10 -4 M) in the aqueous solution. Consequently, SCN-in neutral water was adopted for the derivatization.
Effect of reaction time
The effect of reaction time required to achieve an equilibrium for the derivatization of SCN at 70~ is shown in Figure  2 . The reaction time needed to reach a plateau formation of the derivative was approximately 1.0 h.
Effect of amount of Br-MBX
To establish the optimum amount of Br-MBX for the derivatization of SCN-(1 nmol in 0.1 mL) at 70~ for 1.0 h, different concentrations of Br-MBX in acetonitrile were studied. To achieve a plateau formation of the SCN-derivative, the amount of Br-MBX needed is approximately 600 nmol (0.3 mL of 2raM Br-MBX solution), as shown in Figure 3 , which is equivalent to a molar ratio of 600 to SCN-tested.
Analytical calibration
Based on the optimum derivatization conditions, a derivatization procedure for SCN-was formulated in the Experimental section. To examine the quantitative application of the method, five different amounts of reference SCN-solution (in 0.1 mL water) over the range of 1-0.05 nmol were evaluated. The linear regression equations for intraday and interday precision were obtained as follows: y = (2.500 + 0.013)x + (0.026 • 0.006) (n = 6; r = 0.999) for intraday precision and y = (2.452 + 0.030)x + (0.057 • 0.038) (n =11; r = 0.999) for interday precision; y is the peak-area ratio of the SCN-derivative to internal standard, x is the amount of SCN-(in nanomoles), and r is the correlation coefficient. The detection limit (with a signal-tonoise ratio of 5) of SCN-with a sample size of 20 pL is approximately 3.3 • 1.2 fmol. The precision (relative standard deviation) of the proposed method was assessed at three different concentrations of SCN-(0.05, 0.5, and 1 nmol each in 0.1 mL solution). The intraday precision (n = 5) for the determination of SCN-at 0.05, 0.5, and I nmol was 1.89, 0.40, and 1.00%, respectively; the interday precision (n = 11) at the same levels was 2.76, 0.91, and 1.24%, respectively. The typical HPLC chromatograms for the determination of SCN-in standard solution and in plasma were presented in Figure 4 . Peaks 1 and 2 of the internal standard and the SCNderivative, respectively, in Figure 4A did not receive interference from the reagent blank. The structure of the SCN-derivative of peak 2 in Figure 4A is briefly identified as 3-thiocyanomethyl-7-methoxy-l,4-benzoxazin-2-one by comparison of the retention time with that of an authentic sample, synthesized, and confirmed by electron ionization-mass spectrometry, giving a molecular ion at m/z 248, which corresponds to the SCN-derivative. and plasma (Tables I and II) are quite spread, partially because of the varied ingestion of food rich in thiocyanate glucoside (3), including broccoli, cabbage, and cauliflower; the range of SCNin plasma was within that reported by Jacob et al. (16) . This method (with ion-exchange pretreatment) did not receive interference from the nitrite anion at higher concentrations, up to 2.17mM. The nitrite anion usually coexists with SCN-in plasma; without pretreatment with the anion exchange cartridge, the nitrite anion does interfere in the analysis of SCN-, even at the lower level of 21.7pM. As a consequence, the proposed method was specific and feasible for the analysis of SCNin saliva and plasma for biological or toxicological study.
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